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   INTRODUCTION 
• 70.3% world record reflectance is measured with Mo/Si 

multilayer mirrors (MLM) at FOM Institute DIFFER1 

 
• 29.7% of the radiation is absorbed or scattered 

 
• Stability requirements for optics leads to: 

- Future need for adaptive systems 
- There is a big potential in piezoelectric based systems 
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   TASKS 
• Design of multilayer mirrors with 

integrated piezoelectric elements  
 

• Development of  fabrication process 
 

• Evaluation of applicability and 
compatibility with EUV lithography  

- Total reflectance 
- Smoothness 

A. WAVEFRONT CORRECTOR 
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2) Pulsed Laser Deposition 

5) Electrode connections 
and polishing 

6) Multilayer mirror 
deposition 

4) Sputtering and etching 
electrodes 

1) Sputtering and annealing 
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B. REFLECTANCE TUNER 

CONCLUSIONS 
• Reasonable smoothness is obtained before any polishing step 
• To be done: Patterning electrodes, polishing, multilayer mirror deposition and testing 
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• Incoming radiation is partially 
reflected from top and base 
MLM’s.  

• It can be modeled as an etalon 
 

• Reflectance can be tuned by 
changing the thickness of the 
piezoelectric layer 
 

CONCLUSIONS 
• Reflectance tuning is limited by the maximum strain of the 

piezoelectric films  
• Smooth piezo. films can be fabricated  
• Shorter wavelengths will be explored 

XRD scans 

    APPROACH 
A. Wavefront correction               B. Reflectance tuning 
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3) Pulsed Laser Deposition  
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Piezoelectric phase loop Optimization of surface roughness 
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• XRD scans indicate textured 
piezoelectric film growth 

• Piezoelectric coefficient (d33) is 
measured locally as 40 pm/V 
compared to target value 
60 pm/V using piezoelectric 
force microscopy 
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Piezo. response 

𝑑33 =
𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝐴𝑝𝑝𝑙𝑖𝑒𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 
𝑘 

𝑧𝑒 = 𝑧𝑟 1 + 𝜀  
𝜀: max. strain 
Δ𝑅 = 𝑅𝑒 − 𝑅𝑟 

0

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

7 14 21 28 35 42 49

Δ
R

 (
%

) 

zPZT (nm) 

ε = 0.1% 

PZ
T 

(0
01

) 

PZ
T 

(1
11

) 

PZ
T 

(0
02

) 

R
ef

le
ct

an
ce

 (
%

) 

zPZT (nm) 

58 
 
56 
 
54 
 
52 
 
50 
 
48 

20                        25                       30 

ze 

Re 

zr 

Rr 

Electrode 
Piezo. Layer 

Substrate  

P
h

as
e 

(°
) 

E (MV/m) PO2 (mbar) 

R
M

S 
ro

u
gh

n
es

s 
(n

m
) 

Electrode 
Piezo. Layer 

Substrate  

Electrode 


